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(54) Optical displacement sensor 



(57) An optical displacement sensor has 
an optically detectable coded track (2) 
movable relative to a mask (5). The track 
is illuminated by light conducted by an 
optical fibred) from a remote light 
source (14) and the image of the track is 
focussed by a mirror (4) on to the 
aperture of a second fibre (6). The mirror 
(4) is mechanically movable to scan the 
image of the code over the fibre end to 
produce light pulses in the fibre (6) 
which can be decoded at a remote 
receiver (15). The mirror (4) is actuated 
electrically by electric energy from a 
photo-voltaic cell (8) illuminated by light 
from a third fibre (7). Bits in the coded 
trackare only partially opaque butthe 
mask (5) is fully opaque so the edges of 
the mask can be recognised by the 
receiver as the mirror is scanned. The 
photo-voltaic cell (8) may alternatively 
be illuminated by light which has passed 
through the track (2), the mirror (4) being 
partially reflecting. 
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SPECIFICATION 

Optical displacement transducer 

5 The present invention relates to displacement sen- 
sing apparatus and in particular optical displace- 
ment transducers. Optical displacement transducers 
are known in which a coded track is moved between 
a source of light and a photo detector so that the dis- 

10 placement orthe position of the track relative to the 
transducer, can be determined. In a simple form of 
such transducer, the track can comprise an array of 
identical marks along its length and movement 
along the track is detected by counting the marks 

15 passing a reading head. This arrangement requires 
the transducer to keep a continuous count of the 
marks in order to provide an indication of the posi- 
tion along the track. Such a system is vulnerable in 
the event of a power failure resulting in loss of the 

20 latest count value. 

Alternative arrangements which are known em- 
ploy tracks from which a binary word can be read at 
any position along the track, with the word uniquely 
defining the position along the length of the track. 

25 The binary word representing the position along the 
track may be read by reading separate bit indications 
across the width of thetrack, for example where the 
track is of the form commonly used in shaft en- 
coders. In an alternative example the track may be 

30 formed as a pseudo random binary sequence (PRBS) 
whereupon the unique binary word comprises a pre- 
determined minimum number of adjacent bits along 
the length of the track. Examples of this latter arran- 
gement a re contained in GB-A-21 26444, 

35 In either of the above cases, it has hitherto been 
necessary to provide some electronic circuitry atthe 
transducer with appropriate power supply, in order 
to devel op atthe transducer electrical signals repre- 
senting the displacement or position read by the 

40 transducer. As a result, where, as in most cases, the 
displacement value provided by the transducer is re- 
quired atan instrument or apparatus somewhat dis- 
tant from the transducer, the electrical signals indica- 
ting the.displacement must be transmitted by means 

45 of electrical wires. Furthermore, the electrical power 
to the transducer must be supplied along wires. 

In some applications, it is desirable to provide 
transducers for measuring various parameters, in- 
cluding for example displacement, which contain no 

50 electronic components and which include no electri- 
cal interconnections between the transducer and re- 
mote apparatus in which the measured parameter is 
to be utilised. It has been proposed to employ trans- 
ducers which can be connected to the remote utilisa- 

55 tion apparatus by means of optical fibres. However, 
there has as yet been no satisfactory proposal for 
employing solely optical fibre interconnections be- 
tween utilisation apparatus and an optical displace- 
ment transducer of the kind described above in 

60 which a binary word is read from the track to identify 
the position along the length of the track. 

According to the present invention an optical dis- 
placement transducer comprises an optically detect- 
able coded track and means to read from the track a 

65 binary word uniquely defining the position along the 



track, wherein said means to read comprises a light 
source, optical fibre means for conducting from the 
transducer to a remote location a light signal serially 
encoded with said binary word, optical scanning 

70 means which is mechanically movable to scan the 
binary word onthetrackto generate from said light 
source said serially encoded light signal in said opti- 
cal fibre means, electric actuating means to effect the 
scanning movement of the optical scanning means, 

75 and a photo electric conversion device connected to 
provide electric motive power to the actuating 
rneansf rom light incident on the conversion device. 
In this way, the two previously identified problems of 
providing electrical powerto a transducer of this 

80 kind, and conducting away the electrical signals indi- 
cating the measured displacement, are obviated. The 
only electrically operated component of thetransdu- 
cer is the electric actuating means to effect the scan- 
ning movement of the optical scanning means. This 

85 is powered by electricity generated by the photo el- 
ectric conversion device which itselfforms part of 
the transducer. The binary word indicating the meas- 
ured position along the track is converted by the 
transducer to a serially encoded light signal inopti- 

90 ca I fibre means wherein the signal can be conducted 
from the transducer to a remote location. 

Conveniently, said light source comprises optical 
fibre means to conduct light to the transducerfrom 
the remote location. This optical fibre means may be 

95 in addition to the aforementioned opticalfibre 
meansfor conducting the serially encoded light 
signal from the transducer to the remote location. 
However in one embodiment, both optical fibre 
means are together constituted by a single optical 
1 00 fibre. This can be accomplished by beam splitting 
techniques at each end of the optical fibre. 

In one example there may be additional optical 
fibre means conducting light from the remote loca- 
tion to the photo electric conversion device to pro- 
105 vide said light incident thereon. However, alternati- 
vely the light incident on the conversion device may 
be derived from said light source.ln this latter arran- 
gement there may then be only a single optical fibre 
intercon netting the transducer and the remote loca- 

110 tion. 

In one arrangement, the optical scanning means 
may comprise a partially reflecting mirror located in 
front of the conversion device, whereby light reflec- 
ted by the mirror generates theserially encoded light 

1 1 5 signal and light transmitted through the mirror is in- 
cident on the conversion device. 

The optical scanning means may be arranged to 
focus an image of the binary word on thetrack onto 
an end of the optical fibre means for conducting the 

1 20 light signal to the remote location, and to scan said 
image across the end. Alternatively, the optical scan- 
ning means may be arranged to focus light from said 
light source on to the binary word on the track to pro- 
vide an illuminated portion covering at most one bit 

125 length of the word, and then scan the illuminated 
portion along the word. 

In preferred embodiments, the coded track is a 
PRBS and the binary word comprises a determined 
number of adjacent bits along the sequence suf- 

130 ficientto define the position along the sequence uni- 
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quely. 

Conveniently then, the binary words of the coded 
track are formed of bits which are optically dis- 
tinguishable, whereby bits representing a first logic 
5 state have a first optical brightness when scanned 
and bits representing a second state have a second 
optical brightness which is distinguishable from said 
first optical brightness, and said means to read inclu- 
des window means, relative to which the track is 

1 0 movable, the window means defining a window 
length of the track to be scanned by the optical scan- 
ning means which window length contains at least 
said determined number of adjacent bits, the scan- 
ning means being arranged to scan over a scan 

15 length in excess of said windowlengthsothatthe 
window means at each end of the window length is 
scanned also, and the window means having a third 
optical brightness when scanned which isdis- 
tinguishablefrom said first and second optical brigh- 

20 tnesses, whereby the edges of the serially encoded 
light signal corresponding to the window length of 
coded trackcan be determined. 

By this arrangement, the window itself provides a 
datum in the serially encoded light signal, against 

25 which the binary word can be set in orderto deter- 
mine the indicated position. The above described 
apparatus may be used in combination with receiv- 
ing apparatus at said remote location receiving said 
serially encoded light signal on the optical fibre 

30 means, the receiving apparatus then including a 
cl ock to produce clock pu Ises at a rate faster than the 
bit rate of the serially encoded light signal, counting 
means initiated on detecting a leading edge of the 
window length in said light signal, to count the num- 

35 bers of pulses between the leading edge and suc- 
cessive transitions between bits of the received light 
signal, and analysis means to determined the coarse 
position along the track as defined by the binary 
word and thefine position within a single bit of the 

40 track. 

It may be appreciated that by counting the number 
of clock pulses from receipt of a leading edge of the 
window length to receipt of a transition between bits 
of the unique binary word, the position of the track 

45 relativeto the window at the transducer can bedeter- 
mined to an a ecu racy greater than the bit spacing 
along the track. The accuracy is limited by thefrequ- 
ency of the clock pulses and the precision of the 
scanning means. Non linearity in the scanning 

50 means, i.e. the speed of scan over the scan length 
and particularly overthe window length, can be obvi- 
ated in an alternative arrangement in which the 
window means includes a grating of regularly spa- 
ced lines perpendicular to the length of the track and 

55 having a pitch less than half the spacing between 
adjacent bits of the coded track, the lines of said grat- 
ing having said third optical brightness whereby the 
serially encoded light signal is modulated with a 
signal corresponding to the grating lines. 

60 Then it is only necessary at receiving means at the 
other end of the optical fibre means to count the 
modulation pulses corresponding to successive 
grating lines between the window leading edge and 
successive bit transitions, in orderto provide thefine 

65 position spacing. 



The present invention also envisages an optical 
displacement transducer comprising an optically de- 
tectable coded track formed as a PRBS of optically 
distinguishable bits and means to read from the track 

70 a binary word comprising a determined number of 
adjacent bits along the sequence sufficient to define 
the position along the sequence uniquely, wherein 
said means to read comprises a light source, light 
receiving means for receiving a light signal serially 

75 encoded with said binary word, optical scanning 
means to scan the binary word on the trackto gene- 
rate from said light source said serially encoded light 
signal at said receiving means, said bits of the PRBS 
having first and second optical brightnesses when 

80 scanned, and window means relative to wh ich the 
track is movable and defining a window length of the 
trackto be scanned by the optical scanning means, 
said window length containing at least said deter- 
mined number of adjacent bits, the scanning means 

85 being arranged to scan over a scan length in excess 
of said window length so that the window means at 
each end of the window length is scanned also, and 
the window means having a third optical brightness, 
when scanned which is distinguishablef rom said 

90 first and second optical brightness, whereby the 
edges of the serially encoded light signal cor- 
responding to the window length of coded trackcan 
be determined. 
In this aspect of the invention the light receiving 

95 means need not include optical fibre means, but may 
be any form of light receiver including for example a 
single photo-detector. Further, where the optical 
scanning means is mechanically movable, it may be 
actuated by any suitable arrangement including elec- 
1 00 trie actuation from a local power supply: the photo 
electric conversion device is not essential. 

Examples of the present invention will now be des- 
cribed in more detail with reference to the ac- 
companying drawings in which : 
105 Figure 1 is a diagrammatic representation of an 
embodiment which exemplifies the principles of the 
present invention; 

Figure 2 \s an enlarged view of a portion of track 
and mask employed in the embodiment of Rgure 1 ; 
1 10 Figure3\s a graphical representation of the ser- 
ially encoded light signal representing the position 
measured by the transducer of Figure 1 ; 
Figure 4 is a block diagram of the receiver of Rgure 

1; 

115 Figure 5is an enlarged view of a portion of track 
and mask employed in a modified embodiment of 
the transducer of Figure 1 ; and 

Figure 6 is a graphical representation of the ser- 
ially encoded light signal produced by the embodi- 

120 mentof Figure 5: 

Referring to Figures 1 and 2, the optical transducer 
comprises a track 2 which is movabl e, i.e. in the dir- 
ection of arrows 13 relativeto reading means con- 
stituted by the remaining elements illustrated in the 

1 25 Fig ure. The track 2 is preferably coded with a Pseudo 
Random Binary Sequence (PRBS (with the bits of the 
code being optically distinguishable, e.g. trans- 
parent regions being representative of a logic "1 " 
and partially opaque regions being representative of 

130 logic "0". Light from a remote light source 14 is con- 
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ducted to the transducer along a length of optical 
fibre I.The remote light source 14 may be located at 
utilisation apparatusto which is also supplied, as will 
be described below, output signals from thetransdu- 
5 cer. A lens 3 is located to direct light emitted from the 
end of the fibre 1, through the track 2 and into the 
aperture of a concave mirror 4 positioned on the 
other side of the track. 
A mask 5 forms a window through which a suf- 

10 ficient length of the track 2 is visible from the mirror 
4. As has been mentioned previously, the position 
along a PRBS track can be determined uniquely from 
the binary word formed by a predetermined number 
of adjacent bits of the track. The number of adjacent 

1 5 bits necessary to define the unique word is depen- 
dent on the total length of the PRBS. For example, the 
minimum number of adjacent bits necessary is n to 
identify the position along a PRBS of N bits in length 
where 

20 

N = 2 n -1. 

An image of the exposed length of the track 2 seen 
through the windowformed by the mask 5 is focused 

25 by the concave mirror 4 at a plane containing the end 
of an optical fibre 6. Preferably the optics is such that 
the image of the exposed length of the track 2 is mag- 
nified. In any case the image of a single bit at the end 
of the optical fibre 6 should be substantially greater 

30 in width than the light collecting aperture of thefibre. 
The mirror 4 is mounted on a coil 9 within the field 
of a permanent magnet (not shown). A photo voltaic 
cell 8 is connected to supply current to the coil 9 
when the cell 8 is illuminated by light from a further 

35 optical fibre 7. The power from the cell 8 when so 
illuminated is sufficient to cause the coil 9 and the 
attached mirror4to rotate in the magneticfield, 
thereby scanning the exposed window length of the 
track 2 across the end of the optica I fibre 6. 

40 As a result, a succession of light pulses is prod- 
uced in the fibre 6 corresponding to the successive 
bits of the exposed portion of the track 2. These light 
pulses are conducted by thefibre 6 to a receiver 15 at 
the utilisation apparatus which may be located re- 

45 motely.The receiver can then analyse the received 
light pulses to determine the binary word represen- 
ted by the pulses and indicating the position along 
the track 2. 

It can be seen that the only connections from the 
50 remote location to the transducer are by means of 
opticalfibres1,6and7. 

Conveniently, the bits of the coded track 2 are not 
completely opaque even when representative of a 
logic "0" (following the above example). Then, if the 
55 mask 5 is itself made completely opaque and the 
arrangement of the mirror 4 is such that the edges 13 
of the mask 5 are also scanned across the end of the 
fibre 6, it is possible for the receiverto determine the 
relative positions of the edges 1 3 of the mask 5 and 
60 the coded bits representing the position along the 
track 2. 

The signal received by the receiver 1 5 may have 
the form as shown in Figure 3 where the leading and 
trailing edges of the window formed by the mask 5 
65 can clearly be detected at 10 and 12 and dis- 



tinguished from transitions between adjacent bits of 
the co ded track as at 1 1 . 

Referring to Figure 4, light pulses received along 
fibre 6 are converted to electronic signals by a photo- 

70 detector 16. An edge detector 1 7 generates a signal 
on line 18 to identify the leading edge 13 of the mask 
represented by the leading edge 10 of the waveform 
in Figure 3. The receiver also includes a clock 20 and 
a counter 21 which is initiated on receipt of an edge 

75 1 0 to countthe number of clock pulses. This count is 
supplied to an analyser 22 together with the lig ht 
pulse signals to identify the numbers of counts be- 
fore receipt of the edges 1 1 between adjacent bits of 
the binary word. Then, not only can the binary word 

80 itself be determined by the analyser to identify the 
coarse position along the PRBS, but also the distance 
between the edge 1 0 and the transitions 1 1 can be 
measured to within the spacing of adjacent bits of 
the binary word, thereby providing a fine position in- 

85 dication. 

The degree of accuracy will be dependent, inter 
alia, on the frequency of the clock and the linearity of 
the scanning mechanism in the transducer. 
The analysis procedure is similarto that described 

90 in the above mentioned GB-A-2126444. 

In practice, the speed of rotation of the mirror 4 in 
the transducer may not be constant over the scan- 
ning range of interest and it may therefore be neces- 
sary in the analyser to curve fit the edge positions to 

95 a higher orderfunction than a straight line. 

In a modified embodiment as illustrated in Figure 
5, the window mask 5 is replaced by one with alter- 
nate clear and completely opaque lines 23 within the 
window area. The lines are directed transversely ac- 
1 00 ross the di rection of the PRBS track 2 and have a 
pitch which is substantially less than the bit spacing 
of the PRBS. 

These grating lines would then appear as modula- 
tion of the coded light signal produced in the optical 

105 fibre 6. The signal received at the receiver 15 is thus 
as represented in Figure 6 wherein the modulation 
pulses produced by the grating lines can then be em- 
ployed instead of the clock pulses of the above ex- 
ample to provide an indication of the fine spacing. 

110 In improved embodiments, the mi rror may be 
formed partially reflecting and located immediately 
in front of the active surface of the photo voltaiccell. 
Then some of the light used to illuminate the PRBS 
track and generate the serially coded light signal in 

115 thefibre 6 would pass through the partially reflecting 
mirrorto the photo voltaic cell to energise the mech- 
anical movement of the mirror. In this way the need 
for a separate powerfibre 7 is eliminated. 
In a f u rther embodiment, the functions of the fibres 

120 6and1 could be interchanged with a light beam from 
a remote source emitted from fibre 6 and focused to 
form a small spot scanned along the exposed portion 
of the track 2 with the transmitted light focused into 
thefibre 1 connected to a remote receiver. Instead of 

125 the scanning being performed by mechanical move- 
ment of a mi rror, there may instead be a movable 
lens, prism orsl'rt. 

furthermore, both the light from the remote 
source? 14to illuminate the track 2, and the serially 

1 30 encoded light signal returning to the receiver 1 5 can 
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be conducted along a single optical fibre by provid- 
ing appropriate beam splitting at the ends of the 
fibre. 

It may be appreciated also that otherscanning 
5 arrangements than mechanical may be employed. 
For example the light may be deflected electrically 
using an electro-optic material, or instead a moving 
light source may be used, such as a moving spot 
generated on a cathode ray tube ora sequentially en- 
10 ergised array of photo-diodes. In another arrange- 
ment, if a light beam incident on to the track is swept 
in wavelength, a stationary prism or refraction grat- 
ing may be used to scan the beam across the code. 

15 CLAIMS 

1. An optical displacementtransducer compris- 
ing an optically detectable coded track and means to 
read from the track a binary word uniquely defining 

20 the position along the track, wherein said means to 
read comprises a light source, optical fibre meansfor 
conducting from the transducer to a remote location 
a light signal serially encoded with said binary word, 
optical scanning means which is mechanicallymov- 

25 able to scan the binary word on the track to generate 
from said lightsource said serially encoded light 
signal in said optical fibre means, electric actuating 
means to effect the scanning movement of the opti- 
cal scanning means, and a photo electric conversion 

30 device connected to provide electric motive power to 
the actuating means from light i ncident on the con- 
version device. 

2. An optical displacementtransducer as claimed 
in claim 1 wherein said lightsource comprises opti- 

35 cal fibre means to conduct light to the transducer 
from the remote location. 

3. An optical displacementtransducer as claimed 
in claim 2 wherein the optical fibre meansforcon- 
ducting the serially encoded light signal from the 

40 transducerto the remote location, and the optical 
fibre means to conduct lightf rom the remote loca- 
tion to thetransducer to provide said lightsource, 
are togetherconstituted by a single optical fibre. 

4. An optical displacement transducer as claimed 
45 in any of claims 1 to 3 and including additional opti- 
cal fibre means conducting lightfrom the remote loc- 
ation to the photo electric conversion device to pro- 
vide said light incidentthereon. 

5. An optical displacementtransducer as claimed 
50 in any of claims 1 to 3 wherein the light incident on 

the conversion device is derived from said light 
source. 

6. An optical displacementtransducer as claimed 
in claim 5 wherein the optical scanning means com- 

55 prises a partially reflecting mirror located In front of 
the conversion device, whereby light reflected by the 
mirror generates the serially encoded light signal 
and light transmitted through the mirror is incident 
on the conversion device. 

60 7. An optical displacement transducer as claimed 
in any preceding claim wherein the optical scanning 
means is arranged to focus an image of the binary 
word on the track on to an end of the optical fibre 
means for conducting the light signal to the remote 

65 location, and to scan said image across the end. 



8. An optical displacementtransducer as claimed 
in any of claims 1 to 6 wherein the optical scanning 
means is arranged to focus lightfrom said light 
source on to the binary word on the track to provide 

70 an illuminated portion covering at most one bit 
length of the word, and to scan the illuminated por- 
tion along the word. 

9. An optical displacement transducer as claimed 
in any preceding claim wherein the coded track is a 

75 PRBS and the binary word comprises a determined 
number of adjacent bits along the sequence suf- 
ficient to define the position along the sequence uni- 
• quely. 

10. An optical displacement transducer as 

80 claimed in claim 9 wherein the binary words of the 
coded track are formed of bits which are optically 
distinguishable, whereby bits representing a first 
logic state have a first optical brightness when 
scanned and bits representing a second logic state 

85 haveasecondopticalbrightnesswhichisdis- 
tinguishable from said first optical brightness, and 
wherein said means to read includes window means, 
relative to which the track is movable, the window 
means defining a window length of thetrackto be 

90 scanned by the optical scanning means which 
window length contains at least said determined 
number of adjacent bits, the scanning means being 
arranged to scan over a scan length in excess of said 
window length so that the window means at each 

95 end of the window length is scanned also, and the 
window means having a third optical brightness, 
when scanned which is distinguishable from said 
first and second optical brightness, whereby the 
edges of the serially encoded light signal cor- 
100 responding to the window length of coded track can 
be determined. 

11. An optical displacementtransducer as 
claimed in claim 1 0 in combination with receiving 
apparatus at said remote location receiving said ser- 

1 05 tally encoded light signal on the optical fibre means, 
the receiving apparatus Including a clockto produce 
clock pulses at a rate faster than the bit rate of the 
serially encoded light signal, counting means initia- 
ted on detecting a leading edge of the window length 

110 in said light signal, to countthe numbers of pulses 
between the leading edge and successive transitions 
between bits of the received light signal, and analy- 
sis means to determine the coarse position along the 
trackas defined by the binary word andthefine posi- 

115 tion within a single bit of the track. 

12. An optical displacementtransducer as 
claimed in claim 10 wherein the window means in- 
cludes a grating of regularly spaced lines per- 
pendicular to the length of the track and having a 

120 pitch less than half the spacing between adjacent bits 
of th e coded tra ck, the lines of said g rati n g h a vi n g 
said third optical brightness whereby the serially en- 
coded light signal is modulated with a signal cor- 
responding to the grating lines. 

125 13. An optical displacement transducer compris- 
ing an optically detectable coded trackformed as a 
PRBS of optically distinguishable bits and means to 
read from the track a binary word comprising a det- 
ermined number of adjacent bits along the sequence 

130 sufficientto define the position along the sequence 
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uniquely, wherein said means to read comprises a 
light source, light receiving means for receiving a 
light signal serially encoded with said binary word, 
optical scanning means to scan the binary word on 

5 thetrackto generate from said light source said ser- 
ially encoded light signal at said receiving means, 
said bits of the PRBS having first and second optical 
brightnesses when scanned, and window means re- 
lative to which the track is movable and defining a 

10 windowlengthofthetracktobescannedbytheopti- 
cal scanning means, said window length containing 
at least said determined number of adjacent bits, the 

* scanning means being arranged to scan over a scan 
length in excess of said window length so thatthe 

1 5 window means at each end of the window length is 
scanned also, and the window means having a third 
optical brightness, when scanned which is dis- 
tinguishable from said f irst and second optical 
brightness, whereby the edges of the serially enco- 

20 ded light signal corresponding to the window length 
of coded track can be determined. 

14. An optical displacement transducer as 
claimed in claim 1 3 wherein said light receiving 
means includes meansfor converting said serially 

25 encoded light signal to a corresponding electrical 
signal, and a clock to produce clock pulses at a rate 
faster than the bit rate of the serially encoded light 
signal, counting means initiated on detecting a lead- 
ing edge of the window length in said light signal,to 

30 count the numbers of pulses between the leading 
edge and successive transitions between bits of the 
received light signal, and analysis means to deter- 
mine the coarse position along the track as defined 
by the binary word andtheflne position within a 

35 single bit of thetrack. 

15. An optical displacementtransduceras 
claimed in claim 1 3 wherein the window means in- 
cludes a grating of regularly spaced lines per- 
pendicularto the length of the trackand having a 

40 pitch less than half the spacing between adjacent bits 
of thecoded track, the lines of said grating having 
said third optical brightness whereby the serially en- 
coded light signal is modulated with a signal cor- 
responding to the grating lines. 

45 1 6. An optical displacement transducer as 
claimed in any of claims 13 to 15 wherein the optical 

* scanning means is mechanically movable. 

17. An optical displacementtransducer substan- 
tially as hereinbefore described with reference to 
i 50 and as illustrated in the accompanying drawings. 
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